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1. Introduction

This paper describes the sampling procedures

used by USDIA's Wutrient Dera Laboratory (NDL) to
select food products for theirMNgtional Food and Nutrlent
Anglysis Program (NFNAP), The goal of this program is
to ohiain netional level estmates of the nuiridonal
components for common foods consumed

Stares. These estimates will be imported into the USDA

National Nutrient Databank System and disseminated in

the USD A Nutrient Database for Standard Reference and

other data sets produced by the Laboratory.

The sampling procedures provided 2 means to
seleet a self-weighting nationally representative sample of
foods consumed by people in the United States. It is
assumed that ounces of food consumed is proportional to

pepulation and Is constant across the United States. The

sian was 3 three stage design where counties were

~ seleered at the first stage, grocery store putiets within the
* gelected counties were selecied at the second stage, and

the third stape selected specific fond products to be
purchased and snelyzed for nutrient content. In effect,
thiz pave a sample of grocery outiers from selected

geographical dispersed areas across the United States.

The stages are described below,
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2. First Stage Sample Design

“The goal of the first stage selection process was

to obtzin a semple of counties dispersed across the United
States. These counties were selected proportional to their

population to comply with out desire for a self-weighting
sample. -
To begin, estimated 1997 population data were

obtained from the U.S. Bureaw of the Census for aff
| : from the Census’
Internet web site. States were then grouped by geography
inte four approximately equal regions in termg of

states. Population deta ere available fror

population (the target population for ench region was
£6,509,015, one fourth of the United State” population),

Algska and Hawsil were excluded for logistical reasons, .
Final regions, with populations, are given Toble 1.

inthe United

Figure | lustrates the four regions; & should be noted
that the regions do not Tollow those esiablished by the

- Bureau of the Census.
Table 1: Firs Swge Reglons o
Region . g 1997
N Region Mame Entimmed
i Norhesst 66,452.858
Z South 65,243,263
3 Uireat Lokes & Teuns 48,014,743

sific 67883155

oo The nexdt step  involved selecting three
Consclidated Metropoliten Siatistical Areas (CMSA)
from ezch region. However, since all counties sre not
ingluded in 2 CMSA, Generslized Consolidated
Metropolitan Statistical Areas (gCMSA) were used. The
sCMSAs were defined ns the standard CMSAs or
individual vounties for areas not in & CMSA. Two
methods were explored for selecting the gCMBAs, The
first method involved sorting the gCMSAs within 8

_ region in deseending order by population, Onee sorted, o

probability proportions] to size (PPS) systematic sample
of size three was drawn within each region. A systernatic
semple consists of drawing a single unit at random and
tzking every x® element thereafier, where x &5 2 fixed
nurber sufficient 1o give the desired sample size, Consuli
Cochran (1977) or Sémdal, et 1l (1992 for a thorough

. discussion of systematie sampling.

The second method involved creating three

. equally sized strata by population within each region and

selecting one gCMS A ot random per stratum. If the same
gCMSA was selected in more than one stratum’, the
sample was rejested and redrawn, This method was
essentially a mamially implemented Chromy'™s Methad
{Chaudhuri and Vos, 1988). Chromy's dMethed is a
sequential sampling technique that maintaing exact
probability proportional to size (PPS) selection for
unequal sized sampling units. See Krewski et al. (1981)
for nihorough discussion of the method, ,

The selected samples from the two methods were

. comparedand revesled no practical differences. Although

the sample from the first method was used operationally,
if another first stage sample is drawn In the flture, we

¥ This coold occur when 2 stratum boundery
divided s gUMEA s population.
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recommend using Chromy's mathod,
Cinpe the gUMSAs were selecied, the counties thar

made up each gCMSA were sorted in descending order

by their urbanicity (Goodall, etal., 1998} and 2 systematic
sample of size two was sefected. Ur%;an icity is 2 measurs
of heaw urban a county is, based on the population of the
tarpest citlesitowns in the county. Using such a measure
srstires that counties berdering major cities (2.8, New

York City, Washington, DU are treated more Iist the

mator zity than like the area on the cutskints of the
metropolitan area. Sorting counties within gCMSAs by
urbaricity ensured that the sample contained both roore
urban and lesser urben areas. For those glUMSAs made
up of only 2 single county, the county was selected twice.
Table 2 contains the selected gCMEAS and counties.

A foer the Initial counties were selected, the listof
grovery store outlels described under Second Stage
Diesign was reviewsd to ensure each semwd county had
at least ten outlets available to sample from, Ten was
choser arbitrarily, but #t was felt that outlets in areas with
very few stores (i.e., less than 10) would not gwe &
representative sample of grocery gsems snd may not carry

the wide range of food products NFMAP will sample. The

product collection contractor s:%;argmf by the number of
stores visited, so in order to keep costs dows, the number
i syovex vigited was tried to be kept to o winiroam. As
indicated by Table 2, four additional counties were
included with Polk County, AR to ensure that the area
contained the minimum number of grocery store sutlets,

31, Becond Btage Design

The goal of the serond siage was to select a
sample of grocery store outlets from within 2ach county
selected in the first mag&': Teo aceomplish our desire for s
self-weighting sample, outlets wereselected proportional
o their value of annusl sales; kerger putiets, in terms of

annual sales, had higher probabilities of selection.
The Tspat grocery storz outlets was obtained oy
Trade Oimoniase (Wion, CTL 2 private surkes
research company specializing B the relail gron
industry. The Trade Dimenvions outlet list uélﬂ“’*imggﬁ
yrovary stores &1 the gounties sef coted in e fis %hmt
with annwal value of salvs of 82 Snitlion ormure, Swores
with less than $2.0 million of onnual sales were a.wl‘m 1k
hesause it wes NDL s opinion that sush stores could not
be expicted to carry the diversin of products %&“m,h
NENAP will sample. The outiet list wnmé«md 241
steres and provided comast information (store name,

address, telephons number) in addition o anmual value of

sales,

The sefection process consisted of drawing o
systematic sample of size ong, proporticnal to the putlels”
anrsl value of sales, from each selected county. The
procadure gave higher probabilities of selyction o larger
outlets, Two cutlets were drawn in counties whers oaly o
single county made up the gCM&A Two cutiels were
also drawn in the group of five counties that made up the
Polk County. AR gCMS A, Alternate outlers were drawn
in each county in case the primary selecied outlets wers

 inaccessible or produtts were unavailable. Table 3%
__contains the primary outlet sample. -

4. Third Stage Desipn

The geal of the third sampling stage was w seleot
spacific food products (brands and package sizes) Tor
nutrient analysis from food fypes (e g.. cheese plzza. chili
with beans) Wentified by WDL. The intemt wis w
purchase the same food products from each of the
wmgﬂﬁﬁ grocery wi: ate wnd serd them fo the laboratery

?hnﬁ mﬁf"’hﬁﬂ ﬁa&mb&:ﬁ two bypes of g;mdm“i
samples. The first tfpe, which we will consider the main
sample, was designed 1o test foods 1o find nufrient means
for mw;ms:teé samples of the producis. A composited

sampleisa h«:)ma:gmwm mixture of several packages of
t is imporeant to note that results from

# specific food. |
nutrient snaivses obisined from compasited samples

‘pertain to an average si;frwag fmm the homogenized

product, not to 8 typical s&wmg

a syt ;erwng yeparslly comas from g single paekage of ¢
fod peoshurt, nioé Bt g ainess of severs! pacages. W s nint pussible 1w
sepgae pdivilund serving varigtine fom sompasies of seversl pathiges.

"
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_Table 2: Primary Outles Sample Locations
,ﬁ iif g;r pOMSA Cagnty ’ City ‘
WY, NY: Northem NI Lang fsland, NI Union Caunty, NJ 7 Spnngfield. NJ 07081

NY, NY. Northern NJ, Long Isiand, NI Richmmond County, NY Sugtep tsland, NY 16306
Pittsburgh, PA s Allegheny County, PA Piasburgh, PA 13220
Puigburgh, PA Washingten Couty, PA Canonsburg, PA 15317
Venungs County PA Venange County, PA Franklis, PA 148323
Venpnge Conaty PA Vensnge Coutdy. PA Frankiin, FA 16323
Washville, TH Devidson Cownty, TH Hermitags, TH 37074
Washville, TN CWilliamson County, TN Frapklin, TH 37064
Springficld, MO Creen Covnty, MO Springfisld, MO £5803
Bpeingfield, B0 Green County, MO Springfield, MO 83802
Polk Cotnty, AR Palk County, AR Wers, AR 71953
Poik County, AR SR Sevigr County, AR D Quesn, AR 71833

e B B B B bk G GeR Yok 523 LaF BZ OB BB B B b RS B e s st e wee

The second type of sample was designed o s&btaiﬁ -

serving-to-serving variation for  particular food product,
Nutrient analyses were conducted on individus! packages
of food products gnd provided -

© samples were drawn only for eritical foods because of the

substantial cost of the associsted nuirient analyses. The
serving-to-serving samples were drawn from the same
products selected for the nuain sample. o

For the muin sample, food products were selected
proportional to the number of sunces of sach product sold
nationally, For the initisl wave of samples, this
information was obtafned from Nielsen Market Reset
SCANTRACK data, SCANTRACK data are chuained
from cherkout price scanners and, consequently, exclude
products sold in stores without such equipment. Fiies
shigired from Niglsen contained product name, package
gige and rational markst share.
tikelihood of having selected products available in all
osutlets, we restricted the product sampling universe to
products with at least one percent market share.

In future sampling waves, similar market share
information will come from Information Resources Ine
{IR1) This should only incresse the accuracy of market
shares since IR] uses the same methodology s Nielsen
Wisrket Research and they cover more stores.

Actua! produst selestion was done proportional fo

the mumber of ounces of the product consumed in the

Unfed Stetes, This was operationalized by selecting 2

varjgbility estimates of a
~ typical serving of the product. Servingto-serving

To meximize the

Lowlitz County wa

Chicnge, IL; Gary, 1L Kenosha, W Lok County, 1L Burtlen, 1L $0103
Chicage, IL; Gary, TL; Kenoshs, W1 Dypage Coumy, 1 Whenton, 1L 60187
Houston, TX; Galvestor, TX, Brezoria, TX Harris Courtty, TX Housten, TX 72057
Houston, TX; Galbestan, TX; Brzovia. TX Montgomeey County, TX Comroe, TX 7301
Beaammnt, TX Port Arther, TX Jefferson Courty, TX Beagmont, TX 77708
Heaumont, TX; Port Arthur, TX Orange County, TX Omange, TX 77630
LA, C&: Riverside, CA; Divange County CTA Log Angeles County, 04 Lot Angeles, 4 90016
L&, Ca; Riverside, CA: Orange County CA Crange County, CA Laguns Mipuel, CA 92677
Portland, OR; Selen, WA Muylimomah County, OR {ieegham, OR 97030
Porttand, OR: Salem, WA Clark County, WA Vancouver, WA 95682
Cowlity County WA, Cowlie County, WA Langview, WA 98632
Cowlitz County WA Longyiew WA 08232

sﬁ%uézitiai .éémgﬁe;i:i}? {?}u‘{:smy"s Method (Chaudhuri and
Yos, 1988) propentional to the produst of market share
and package size. The mumber of samples chosen for each

~ product was based on the desired statistical results and
' the number of nutrient snalvses NDL could afford to

perform. Once specific food products wers identified as

“in the sample, they wers purchased from each of the
- sampled outlets.

 The resulting proup of selected products for 2

particular food item (e.g., 70% fat margarine) can be

* thotsght of as & matrix with outlets iumbered one through

24 across the top and sample numbered one through 12

 ({sssume 70% fal margavine had (2 samples) running
“eGartically, Compositing took place by serple number.

s 3]

For exampie, product samples Number One from all 24
outlets were homogenized then & quantity sufficient for
mutrient anslysis removed. This process was done for
each sample pumber, resulting n 12 individual data
soints for statistical anslysis. Performing the anslys Bin
this manner provided individual product (.., brand) data
for major brands and overall results for the particulas
food prodoct (e.g.. 70% fat margarine). Itis important to
fote that these results pertained 10 an average serving
from the homogenized food product, not o & typical
serving.

To obtain serving-to-serving variation {ie.
varigtion in & typical serving) for a particular food ftem,
a supplemental sampling plan was used. The assoeiated
nutrient analyses were based on individual packages of




the food jterm and provided vzfza%mhrv zw; irates fm a
The 70% fat

ypical servis ng of the food prodect.

mamﬁrmg main sempie {drawn as described above) will
be used to Hlusteate the supplemental plan. _

Suppose we chose 12 margarine samples from
ench of 24 putlers inthe mam p an. Table 3 iHlugirates the
resuiting matrixof pfsdueis We also note that the market
share decrenses (or stays the same) from sample Cne 1o
sample [2 and that outlets from each ,g{“:‘MS& e
conseeutive. That is, outlets One and Twi
same gCMSA, outlets Theee and Four wer 2 in the same
gCMSA, and 50 0n.

The steps for the supplemental ﬁamp?mg olan
consisted of: (1) Randomly selected one of main sample

numbers One and Two, randomly szz!zfrmd one sﬁf A

sample mumbers Three and Four, and 50 0

randomly selected from main sample numbers 11 and 12,

{2y Randomly selected two gCMBSAg from each selected
main sample so that no gCMSA was selented twice. (3}

Randomly selected one outlet from sach w!m&d ,;

gUMSA. Table 3 illustrates the msuatmg mmm

Table 3: ’afiairm of Samgizci ?mﬁmﬁ:ﬁ

vo ware in the

Py

Table 4 &bfmg thar ar step {1} primary samples One.

‘%me‘ }fwz: z»:mm 1] :mé %“3 were selected. Al step (3]
gCMSAs One and 10 were 3 m primary sample
One, gCMSAs Three and rere selected from the
remaining gCMSAS, and 50 on. Finally. 3t step (3. outlet
Twa was selecied from gCMSA One and cutlet 19 was
selected from gfﬁ“ MSA 10 and se forth until we selected

two out ?ets were chesen from
sample in such 8 way that no two outlets 3 in the sam”
'gCMSA, which is illustrated by the %’ in Tebie 4.
) Adthough z;:s&zf%a outhets were sehected for the
supplemental sample (see Table 4), as 2 cautionary
measure 6 avoll missed units, data collectors werg
ol tox pick up extry primary samples inboth outlets
ed gCMSAs For instance, extra primary samples
. sted in outlet number. TWo and in the other
outlet in the ngMSA Likewise, sxtra primary samples
wers collected in outlet number 19 amﬁ in the other sutlet
in ﬁw gf“}aiﬁﬁ
o Omnee obtained, these additional 12 ;m&agm wate
zach hs:;magemzed and sufficient quantities removed for
snalysie, This vielded 12 data points for each nutrient
and atlowed serving-to-serving means and vmab:izty to
be estimated, .

Primary | aCMSA L gCMBAZ

Outlets (same gCMSAS are.

| gCM&A 1
L

gCMSA 12
g
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JBample | 1 2 3 4
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& Fsthmation

By construction, the nutvient smalysis datz
obigined under this plan will be [approximately] seif-
weighting and, consequently, will be 1:"@&:}5&? a8 3F it came
from @ simple random sample (SRE).  In effect, the
sampling plan has been used to obtain 2 well designed

sample that approximately represents the foods eaten by

the Lnited States” population. Thus, the f@i!nwmg
formulas for nuirlent means and standard errors of the
means will be uged far data from the m r sermple.

Lot X,, 5, Xy, s X, FEpresent 2 set of nutrient
walues obuined from the NFNAP sample for 2 specific

food item. These 1 values are ‘the rgsu& of nuttient
" used national level market share; product market share in

analyses performed on the composited samp!

{staffing, money and time}, such an ambiticus plan could
he implemented; however, this was not possible under

NDL's current resources, Instead, the plan presented
here  achieved 2 ia;spmxzmawiy} selfoweighting,
gwgragbzcﬁny dispersed sample across the United States.

that can be used to provide a means of selecting foods
consumed. The basic notions of the plan sugges&mi by

Nusser and Carriquiry have been carried out ins costand

time effaatme reasonshle manner, However, there are 8

__ few shortcomings to the plan, a3 described below,

under Third Stage Design. A reasonable mfxmzm af s?m s

nutrient man is gwcn by equarion (1) and a5 estimate of

frs standard error is givea by equation {2‘% {;gmrmg téw

finite population correction factor).

X o= ”E X, Ei}

be b&@té on &4 ﬁmmb&;m ,‘
freedom, ‘

Drue to 8 necessary rumber of s:mphﬁmtwnﬁ in
our sam;simg plan, we lost the ability to summarize the
data in 8 stetistically- rigorous manngr, However,

Equation {1) still provides a reasonable »::stzmaze ofthe

First, the sample is not exoctly self weighting
because the four regions in the first stage were not

‘exacdy equal in population, Second, the sample was ulso

not ﬁxm:*f{y seif weighting because in the second stage we

the aress where our samples were drawn may be giite

" different. "Third, Nizlsen {»‘1}1' 1R1) data cover only grocery

sepulation mean nutrient value unde
and Equation (2) provides a r&as&m&!e gstins
standard error of the mean.

6. Conchusion

The sampling p&m desoribed a‘mve pmwﬁes B
siose zpproximation 10 what may be considered the ideal
An ides! plan would involve se}wgmg '
@ﬁgrapsm:aiéy dispersed land aress m‘:msx the United
States, selecting retail food outlets in those are;a amd

plgrn,

finally. selecting food pmdm:m from a carefully

constructed Histing of all foods seld in thoze ontlets. ch_” ,

Carriguiry (1998},

" a plan was supgested and described by Wusser and
Portiaps with sbundanf resourses

‘stores that have automaled price scanners; omission of

fond produets sold from other outlets in the third stage

"y sdd bizs and further &esrm ‘;fmn an exaetly selfe
‘weighted sample. Fourth, results may be igsed because

s}l places to purchase food were not eligible for sampling

‘in the third stage {ws only inchaded stores with 32.0
miflion o more snnual value of sales, g;t;mammﬁ stores

were excluded, the list obtained from Trade Dimensions

was doubtfolly 100% complete and pp-to-date), The

results may also be biased because we used a cut off of
one percent of market share for the individual fmﬁ_
products. And fifth, standard mr st Y be
somewhat mm@‘?atswz since our summary formuls is
based on the assuraption of independent identically

)/dzm;bmﬁé {sad} e&mwa’ﬁmﬁ& ,
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Attachment B. Methods of Analysis

Method

Nutrient Source technique Lab
Nitrogen AOAC Combustion 968.06 (4.2.04) Protein (Crude) in Animal Feed Covance
’ AOAC Kjeldahl 981.10 (39.1.19) Crude Protein in Meat wWT
; AOAC Kjeldahl 991.20 Nitrogen (Total) in Milk Silliker
Fat AOAC Acid hydrolysis 922.06 (32.1.14) Fat in Flour, Acid Hydrolysis Method =~ Covance, WT
AOAC Acid hydrolysis 954.02 (4.5.02 or 7.063) Fat (Crude) or Ether Extractin Covance
Pet Food
_AOAC Extraction 933.05 Fat in Cheese ‘ Silliker
, AOAC Extraction 960.39 (39.1.05) Fat (Crude) or Ether Extract in Meat =~ Covance
| Ash AOAC Gravimetric 900.02 (44.1.0) Ash of Sugars and Sirups WT
AOAC Gravimetric 923.03 (32.1.05 or 14.006) Ash of Flour Covance, WT
AOAC  Gravimetric 945.46 Ash of Milk Silliker
‘Moisture AOAC Forced air - 950.46 (39.1.02) Moisture in Meat Covancé, WT
AOAC Vacuum oven 934.01 (4.1.03) Moisture in Animal Feed WT
AOAC Vacuum oven 934.06 (37.1.10) Moisture in Fruits, Vegetables, and Covance
their Products
AOAC Vacuum oven 964.22 (42.1.05) Solids (Total) in Canned Vegetables:  Silliker

Gravimetric Method




Chroma. 10, 643-653 (1987)

- Nutrient Source technique Method Lab
Sugars (sucrose, AOAC HPLC Covance modiﬁed_:982. 14 (32.2.07) Glucose, Fructose, Covance
. glucose, fructose, Sucrose and Maltose in Presweetened Cereal
’f la"lmse» maliose,  ApAC LC 982.14 (32.2.07) Glucose, Fructose, Sucrose, and Silliker
e actose) Maltose in Presweetened Cereals
AOAC LC ENI modified 980.13 (31.5.04) + 982.14 (32.2.07) + WT
984.17 (36.6.10) Sugars by Liquid Chromatography
- Dietary Fiber AOAC Enzymatic/gravimet 985.29 Total Dietary Fiber in Foods Silliker
ric '
AOAC Enzymatic- 991.43 (32.1.17) Total, Soluble, and Insoluble Dietary =~ Covance, WT
gravimetric Fiber in Foods
- Calcium, copper, AOAC ICP 985.01 (3.2.06) + 984.27 (50.1.15) Metals in Food by =~ WT
: iron, magnesium, ICP
£ potassium AOAC ICP 984.27 Ca, Cu, Fe, Mg, Mn, P, K, Na and Zn in Infant  Silliker
' Formula
AOAC 1CP Covance modified 985.01 (3.2.06) + 984.27 (50.1.15)  Covance
Metals in Food by ICP
- Individual In-House HPLC FCL method for Carotenoid Analysis, 2001 (Beecher FCL-B
- Carotenoids and Howard)
AOAC HPLC 941.15 (45.1.03) modified by Quackenbush, J. Liq. Covance
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By signing you autharize us to deliver this shipment without obtaining a signature

and agree to indemnify and hold us harmless from any resulting claims.
Questions? Visit our Web site at fedex.com
or call 1.800. Go. FedEx® 800.463.3339.
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